 Highly resilient polyester (HRPET) fibers and low-melting-point polyester (LPET) fibers are made to form into protective nonwoven fabrics. The influences of different parameters on the mechanical properties of the nonwoven fabrics are evaluated in terms of falling weight tests, bursting strength testing, tear tests, and tensile tests. The test results indicate that the maximum strengths occurs with an optimal HRPET/LPET blending ratio of 8:2: tensile strength (602 N), bursting strength (477 N), and resiliency (40 cm).
INTRODUCTION
Nonwoven fabrics are composed of staple fibers or filaments. Fibers are irregularly combined via carding in order to form webs, and are then mechanically reinforced or thermally bonded. Mechanical reinforcement includes spunlace and needle punching, while thermal bonding uses thermal rollers and ovens. The mechanical properties of nonwoven fabrics can thus be manipulated using simple processing methods, and nonwoven fabrics have the advantages of efficient production, a great variety of final products, and availability of diverse raw materials. In addition, there have been numerous studies on thermally bonding that examine the influence of the size of thermal bonding points and pressures on mechanical properties of the nonwoven fabrics [1] [2] [3] [4] [5] [6] . There are few studies on the morphology of thermal bonding points; therefore, this study applies the advantages of nonwoven fabrics by using HRPET and LPET fibers. The different blending ratios of these two materials are used in order to evaluate the differences in the mechanical properties of nonwoven fabrics in terms of the formation of thermal bonding points.
EXPERIMENTAL

Materials
The protective nonwoven fabrics are composed of highly resilient polyester (HRPET) fibers and low-melting point polyester (LPET) fibers. These two fibers are purchased from Far Eastern New Century Corporation, Taiwan, R.O.C. HRPET fibers have a fineness of 4 denier (D) and a length of 57 mm, while LPET fibers have a fineness of 4 D and a length of 51 mm. These two fibers both have a sheath-core structure, and their core layer is regular PET with a melting point of 265℃. The melting point of the sheath is 170-180℃ for HRPET and 110℃ for LPET fibers.
Preparation of HRPET/LPET Nonwoven Fabrics.
HRPET fibers and LPET fibers are processed via opening, mixing, carding, laying, and needle-punching in order to form nonwoven fabrics. The blending ratios of HRPET to LPET fibers are 7:3, 8:2, and 9:1. The nonwoven fabrics are then thermally treated at 180℃ for thirty minutes in order to form HRPET/LPET protective nonwoven fabrics.
TESTS Tensile Strength
The tensile strength of HRPET/LPET protective nonwoven fabrics is measured using Instron 5566 (Instron, U.S.) as specified in ASTM D5035-06, Standard Test Method for Breaking Force and Elongation of Textile Fabrics (Strip Method). Ten samples for each specification are used for this test. Samples are taken along the cross machine direction (CD) and machine direction (MD), and are trimmed into 25.4 mm × 180 mm pieces. The distance between fixtures is 75 mm, while the tensile speed is 300±10 mm/min.
Tearing Strength
The tear strength test follows ASTM D5587-08 (Trapezoid Method). Five samples for each specification are used for this test. The isosceles trapezoid has a short base of 75 mm and a long base of 150 mm. The samples have a cutting with a depth of 15 mm in the middle of the short base. The distance between clamps is 25 mm, while the tensile speed is 300±10 mm/min.
Bursting Strength
The bursting strength test is performed as specified in ASTM D3786, Bursting Strength of Textile Fabrics. A total of ten samples for each specification are used. Samples are trimmed into 15cm × 15cm pieces, and are bursted from upwards by a mold in the form of cylinder with a diameter of 2.5 cm. The velocity of the mold is 100±10 mm/min. The maximum bursting strength is then recorded.
Resiliency
A vertical type resiliency tester is used to measure the resiliency, as specified in ASTM D2632, Standard Test Method for Rubber Property-Resilience by Vertical Rebound. The tester is set in equilibrium and then fixed. The impact hammer is lifted to the highest position and fixed. Samples of 10cm × 10cm are placed on the platform horizontally, and the impact hammer is released from the top and vertically hits the samples. The values obtained from the first three rounds are not recorded, and then the resilience measured from the 4 th , 5 th , and 6 th rounds are recorded and averaged to yield the resilience. Figure 1 shows the effects of different HRPET/LPET blending ratios on the tensile strength of the HRPET/LPET protective nonwoven fabrics. The tensile strength increases when the nonwoven fabrics contain large amounts of LPET fibers. This increase is ascribed to being thermally treated, which melts the sheath of LPET fiber, thereby forming hard thermal bonding points. With more LPET fibers, the numbers of thermal bonding points are also increased, and as such improve the bonding force of the fibers, while increasing the tensile strength of the nonwoven fabrics. In addition, tensile strength along the CD is higher than along the MD. The CD has a higher fiber orientation (i.e., the direction in which the majority of fibers are aligned in the nonwoven fabrics), and thus can tolerate a greater force. As a result, the tensile strength along the CD is greater than along the MD. Tearing Strength Figure 2 indicates that the maximum tearing strength of HRPET/LPET protective nonwoven fabrics occurs when the HRPET/ LPET blending ratio is 9:1. This result is primarily ascribed to HRPET fibers possessing a high degree of toughness. In addition, the melted sheath of HRPET fibers can form tough thermal bonding points that exhibit high malleability under shear stress. With a high malleability, the nonwoven fabrics can endure a high shear stress during the test. In addition, the tensile strength along the CD is higher than along the MD. There is a greater fiber orientation along the CD, which allows for higher endurance of tear strength along this direction. The strength of staple fibers has a significant influence on the tear strength of nonwoven fabrics. Moreover, an increasing amount of thermal bonding points enhances the bonding between fibers, thereby improving the strength of staple fibers and thus the tearing strength of the nonwoven fabrics. 
RESULTS AND DISCUSSION
Tensile Strength
Bursting Strength
The bursting strength of HRPET/LPET protective nonwoven fabrics is indicted in Figure 3 . The maximum bursting strength occurs when the HRPET/LPET blending ratio is 8:2. The primary influence on this test is the resistance between the test mold and the nonwoven fabrics. With a blending ratio of 8:2, the majority of thermal bonding points are solid and only a small amount of them are tough. During the test, the solid thermal bonding points increasingly support the nonwoven fabrics, thereby increasing the resistance between the test mold and the nonwoven fabrics. Meanwhile, the tough thermal bonding points are also conducive to the extension of nonwoven fabrics, thus enhancing the overall load capacity. Figure 4 shows that the resiliency of HRPET/LPET protective nonwoven fabrics is not correlated with the LPET content. This result is ascribed to the influence of LPET on the distribution of resiliency. When the impact hammer falls onto the nonwoven fabrics, the tough thermal bonding points of HRPET fibers contribute with malleability, which in turn reinforces energy feedback. However, the solid thermal bonding points of LPET fibers can absorb and distribute the energy caused by the falling impact hammer, and are then broken. The breakage of these bonding points interrupts the transmission of the impact energy, and eventually results in a low efficacy of energy feedback. 
Resiliency
CONCLUSION
This study examines how blending ratios of HRPET to LPET fibers are in relation to the mechanical properties of the HRPET/LPET protective nonwoven fabrics. The test results indicate that after the sheath of HRPET fibers has been melted, the tough thermal bonding points effectively improve the tearing strength and resiliency of the nonwoven fabrics by 31.2% and 1.3%, respectively. In addition, the
